Effect of tryptophan insertions on the properties of the human group IIA phospholipase A2: mutagenesis produces an enzyme with characteristics similar to those of the human group V phospholipase A2.
An important characteristic of the human group IIA secreted phospholipase A(2) (IIA PLA(2)) is the extremely low activity of this enzyme with phosphatidylcholine (PC) vesicles, mammalian cell membranes, and serum lipoproteins. This characteristic is reflected in the lack of ability of this enzyme to bind productively to zwitterionic interfaces. Part of the molecular basis for this lack of activity is an absence of tryptophan, a residue with a known preference for residing in the interfacial region of zwitterionic phospholipid bilayers. In this paper we have replaced the eight residues that make up the hydrophobic collar on the interfacial binding surface of the enzyme with tryptophan. The catalytic and interfacial binding properties of these mutants have been investigated, particularly those properties associated with binding to and hydrolysis of zwitterionic interfaces. Only the insertion of a tryptophan at position 3 or 31 produces mutants that significantly enhance the activity of the human IIA enzyme against zwitterionic interfaces and intact cell membranes. Importantly, the ability of the enzyme mutants to hydrolyze PC-rich interfaces such as the outer plasma membrane of mammalian cells was paralleled by enhanced interfacial binding to zwitterionic interfaces. The corresponding double tryptophan mutant (V3,31W) displays a specific activity on PC vesicles comparable to that of the human group V sPLA2. This enhanced activity includes the ability to interact with human embryonic kidney HEK293 cells, previously reported for the group V enzyme [Kim, Y. J., Kim, K. P., Rhee, H. J., Das, S., Rafter, J. D., Oh, Y. S., and Cho, W. (2002) J. Biol. Chem. 277, 9358-9365].